Previous studies in this laboratory have indicated that a high degree of sodium-retaining activity may be present in chloroform extracts of urine of certain patients with edema (2) (3) (4) (5) (6) . When patients with the nephrotic syndrome are treated with ACTH or cortisone, the increased excretion of sodium in the urine is associated with a reduction in the sodium-retaining activity of the lipid extract (4, 5) . Comparable extracts of urine of normal children or adults show slight activity and may even promote the excretion of sodium in the bioassay used. When the dietary intake of sodium is decreased, a moderate increase in sodium-retaining activity of the urine extract may be observed.
These findings suggest that the sodium-retaining activity of the lipid extract may reflect a stimulus to conserve sodium. Further studies of the origin, regulation, and function of the observed sodium-retaining activity require more definitive study of the material responsible for this biological activity. Some observations on fractionation of active extracts by displacement chromatography (7) and by paper partition chromatography have indicated that the sodium-retaining activity is due to an unidentified corticoid which contains more oxygen than desoxycorticosterone (6) . Systematic analysis of highly active extracts by chromatography was therefore undertaken to ob-tain further information on the nature of the sodium-retaining component (1, 8) .
PATIENTS
The five children with the nephrotic syndrome showed generalized edema, proteinuria, hypoalbuminemia, and hyperlipemia at the time of urine collection. These patients excreted less than 1 mEq. of sodium in the urine. Dietary intake ranged between 5 and 17 mEq. of sodium per day. All patients responded to subsequent treatment with ACTH, cortisone, or hydrocortisone with a diuresis and reduced proteinuria. Two patients have subsequently recovered, two still show evidences of active renal disease, and one died of pulmonary embolism.
Four normal male children served as controls. All received an unrestricted intake of sodium and water during the period of urine collection. Table I presents some pertinent data.
METHODS
Urine was collected as 24 hour specimens without preservative and held at 40 C. At the end of a collection period of one to five days, it was pooled and either extracted or frozen. Several observations showed a loss of sodium-retaining activity in specimens which had been allowed to stand over chloroform at 40 C. for more than a few days.
Urine was acidified to pH 1.0 with concentrated hydrochloric acid and was extracted with four aliquots of 0.2 volume of chloroform. The chloroform extracts were combined and washed twice with 0.1 volume of N/10 solution of sodium hydroxide and once with 0.1 volume of water. The chloroform was dried over anhydrous sodium sulfate and evaporated to dryness in vacuo at 400 C., and the residue was taken up in 95 per cent ethanol. This "washed extract" has been kept for more than a year at 40 C. with little loss of sodium-retaining activity.
The alkali and water "washings" were acidified and reextracted with chloroform, which was then dried and evaporated. The residue was stored in ethanol.
Extracts and appropriate standards were analyzed by chromatography, following the techniques of Burton, Zaf- Figure  10 ). This paper blank did not interfere seriously with the measurements if appreciable quantities of steroid were present and if the paper had been thoroughly pre-washed. (14) .
276
Bioassay of sodium-retaining activity was carried out by a modification by Johnson (15) of methods previously described (3). This assay is based on the excretion of sodium and potassium by nine adrenalectomized rats, the effect of the "unknown" being compared with the effect of the control solvent and of 5 isg. of desoxycorticosterone acetate. Confidence intervals (95 per cent) have been calculated by statistical analysis of assays using known doses of DOCA between 0 and 10 *g. as the "unknown." The bioassay data presented are calculated from changes in the potassium to sodium ratio, which gives a more precise estimate than that calculated from sodium output (15) . In the range of dosage used, the main effect of DOCA and of active extracts and fractions from urine is a reduction of sodium excretion, while increases in potassium excretion are less striking.
In this assay, the l1-oxysteroids (Kendall's A, B, E, and F) produce an increased output of sodium, which is reflected in the assay calculation by an estimate significantly less than zero dose. Of the adrenocortical steroids tested, only 11-desoxycorticosterone and several derivatives lacking oxygen on C-11 (e.g., Reichstein's S) cause retention of sodium. Figure 1 , the solvent front is at the bottom of the paper strip, which thus contains all of the original extract. The least polar fraction at the bottom of the paper did not contain appreciable quantities of material which absorbed ultraviolet light at 240 m,u or which reduced tetrazolium reagent. The middle two fractions, which would include any free DOC present in the extract, contained less than 0.3 pg. of corticosteroid per 20 minutes of urine, as measured either by absorption of ultraviolet light or by reduction of tetrazolium. These fractions were inert on bioassay. All of the sodium-retaining activity of the extract was found in the most polar fraction. This fraction was subjected to more prolonged chromatography, as shown in Figures 2 and 3 . Figure 2 shows a 15 hour chromatogram, which would include compounds F, E, S, B, and A in descending order. The sodium-retaining activity was found in the region opposite the compound E standard. Small quantities of corticosteroids were present in fractions corresponding with B, E, and F. All fractions except the one moving with E failed to show significant sodium-retaining activity. Figure 3 represents a chromatogram of 144 hours duration. The components of the extract moving at about the same rate as E yielded two incompletely separated ultraviolet absorption bands. The slower moving of these two fractions contained the sodium-retaining activity of the extract. This fraction absorbed ultraviolet light ( aEtOH 236 to 238 m,u.) and reduced tetrazolium in the corresponding amounts which would be expected from a typical adrenal cortical steroid (Figure 4 ). This fraction might contain cortisone, but since cortisone is not sodium-retaining under the condition of the assay used, there must also be at least one other compound present in order to account for the activity. The separation of these two substances does not appear to be feasible in the toluene-propylene glycol system.
The E fraction may contain a third substance, which is partly resolved from cortisone and the sodium-retaining material in the toluene-propylene glycol system. This is indicated by the higher ultraviolet absorption of the faster-moving material, whereas the tetrazolium reducing power and the sodium-retaining activity are lower than in the slower-moving fraction. Figure 8 shows an E fraction from toluene: propylene glycol, rechromatographed in the Bush system. The active material runs less rapidly than cortisone, but more rapidly than F. Figure 9 summarizes the data from two such chromatograms. The fraction associated with the sodium-retaining activity is separated from the faster-moving cortisone, and from more slowly moving fractions. Within the limits of the methods used, the activity of the whole extract appears in this fraction.
The sodium-retaining material obtained from these chromatograms gives the typical reactions of an adrenal cortical steroid. Solutions in ethanol show a peak of ultraviolet light absorption at 238 to 240 mu (Figure 10) . If the molar extinction coefficient is assumed to be 15,800, from which value the known corticosteroids vary only slightly (12, 13) 
oX. very close to the value obtained from the reduction of tetrazolium ( Figure 9 ). These calculations indicate that the sodiumretaining activity of the final fraction is 15 to 20 times that of desoxycorticosterone, expressed on an equimolar basis.
II. Normal Male Children
Extracts of urine from these children did not show significant sodium-retaining activity (Table   I ). Figures 10 and 11 summarize the chromatograms of two representative extracts (R. G. and B. L.) in toluene: propylene glycol. No significant sodium-retaining activity was found in the E fractions. In the older child (B. L.), the fractions moving more slowly than E caused an appreciably increased excretion of sodium in the bioassay, resembling the effect of the 1 1-oxy-corticosteroids.
The other two normal children (G. G. and R. A.) gave similar results. Washed extracts showed no appreciable sodium-retaining activity (0.5 and -0.5 ,ug. DOCA per 20 minutes in the respective cases). In case G. G., insignificant activity was found in all chromatographic fractions, the E fraction assaying 0.3 zg. DOCA per 20 miiinutes. In case R. A., the E fraction and the fractions moving more slowly than E produced increased excretion of sodium by adrenalectomized rats.
The possibility remained that cortisone or other components in the E fraction of normal extracts interfered with the measurement of some sodiumretaining material, but further analysis of the normal E fraction in benzene: aqueous methanol did not support this interpretation. Very small traces of corticosteroid without detectable sodiumretaining activity were found in the region of the chromatogram in which the strongly sodium-retaining corticosteroid of nephrotic urine had been observed.
DISCUSSION
These studies support the hypothesis that an adrenal cortical secretion is responsible for the sodium-retaining activity of the lipid extract of urine of children with nephrosis (4). The biological activity was consistently associated with a neutral lipid fraction giving reactions characteristic of an adrenal cortical steroid. (17) makes the presence of additional ketone groups unlikely. The high specific sodium-retaining activity argues against the presence of a ketone or ,8-hydroxy-substituent at C-11, since such compounds tend to promote the excretion of sodium in the bioassay used. A number of synthetic compounds with various modifications and substitutions in 11-desoxycorticosterone have been tested, but as yet no compound of high specific activity and similar chromatographic behavior has been observed.
As these studies progressed, we were impressed by the similarity of the findings of other investigators (18) (19) (20) on the highly active mineralocorticoid of adrenal cortical extract. This material appears to be very similar, if not identical, with the sodium-retaining corticoid of urine. The only important discrepancy concerned absorption of ultraviolet light near 240 mu (18) ; this has been resolved by the finding of such absorption in later preparations from adrenal cortical extract (16) . These points of similarity between the corticoid from adrenal cortex and from urine, prepared from different sources by different methods, and showing consistent activity during purification, support the idea that both preparations contain a natural hormone secreted by the adrenal cortex and appearing in urine in measurable amounts under the observed conditions.
It seems unlikely that secretion of the sodiumretaining corticoid is under the control of the adrenocorticotrophic fraction which regulates the release of the 11,17-hydroxycorticosteroids (1, 5) .
Sodium-retaining activity has been observed in urine extracts in congestive heart failure (2, 3, 21) , pericarditis with tamponade or constriction (3), hypertension (3), nephrosclerosis (3), cirrhosis with ascites (22) , and toxemia of pregnancy (23, 24) , as well as in the nephrotic syndrome (2) (3) (4) (5) (6) 24) . The presence of a high level of sodium-retaining activity in the urine of edematous patients with several diseases suggests a general reaction contributing to the common difficultv with sodium excretion. The stimulus which evokes this reaction is as yet undetermined. The role of reduced dietary intake of sodium can not be overlooked, since normal men, deprived of sodium, may excrete a urine of moderately increased sodium-retaining activity (1) . A few controlled observations made in this laboratory indicate that a free intake of sodium only slightly reduces the high level of sodium-retaining activity in the urine of a patient with nephrosis. The method of charting is the same as in Figure 4 . In the benzene: aqueous methanol system, the active fraction moves just more slowly than cortisone. The sodium-retaining activity of this fraction is 15 to 20 times as great as desoxycorticosterone, as may be seen by comparing the height of the bars. Desoxycorticosterone would give bars of equal height for bioassay, "tetrazolium," and "ultraviolet," since all units are expressed as micrograms of this standard steroid. SUMMARY No sodium-retaining activity was observed. The values for tetrazolium reduction and ultraviolet absorption in the E and F fractions correspond roughly with the rate of excretion of these steroids described by Burton, Zaffaroni, and Keutmann (25) in normal adults. 
